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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
3.1., 3.2., 3.4., 3.7., 3.8., 4.1.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.13., 4.15.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Tanja Vidakovic-Koch: Fuel cells will play a significant role in the future. Our protocol describes a new method for diagnosing major fail states of these devices, such as flooding, degradation, or poisoning [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Antonio Sorrentino: Unlike other techniques, for example electrochemical impedance, this methodology can be used to decouple the impact of specific dynamics on system performance, facilitating a less ambiguous fault identification [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Tanja Vidakovic-Koch: The demonstrated application focuses on polymer electrolyte membrane fuel cell dynamics. However, this methodology can be applied to other fuel cells or electrochemical reactors [1].
 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Antonio Sorrentino: Note that a successful measurement requires the system to be stable over a period of three hours, which can be difficult under some experimental conditions [1].

1.4.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator (Said by you on camera):

1.5. Tanja Vidakovic-Koch: Demonstrating the procedure will be Tobias Franz, a master’s student from my laboratory [1][2]. 

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera


Section - Protocol
2. Fuel Cell Assembly
2.1. [bookmark: _Hlk13558158]For fuel cell assembly, place the cathode bipolar plate on a smooth and sturdy surface with the flow field side up [1] and place the gasket on top of the plate aligned with the screw holes [2].
2.1.1. WIDE: Talent placing plate onto surface
2.1.2. Gasket being placed onto/aligned with screw holes

2.2. Place the cathode gas diffusion layer in the middle of the gasket [1] and add the catalyst coated membrane top aligned with the screw holes [2].

2.2.1. Cathode being placed
2.2.2. CCM being placed

2.3. Place the anode gas diffusion layer and gasket on top of the catalyst coated membrane, making sure the gasket aligns with the screw holes [1].

2.3.1. GDL and gasket being placed onto CCM with gasket aligned with screw holes

2.4. Place the anode bipolar plate flow field side down on top of the gasket [1] and fix the parts together with screws [2-TXT].

2.4.1. Plate being placed
2.4.2. Screw being inserted TEXT: Caution: Do not screw too tightly

2.5. [bookmark: _Hlk13558178]Next, place the cathode stainless steel end plate on a smooth and sturdy surface [1] and place a rectangular piece of Teflon [2] and a copper current collector on top of the Teflon, aligning both pieces with the bolt holes [3].

2.5.1. Talent placing plate onto surface
2.5.2. Teflon being placed onto plate
2.5.3. Collector being placed/aligned with bolt holes onto Teflon

2.6. Slot the cathode side of the assembled cell unit onto the cathode current collector, taking into account the notches in the flow fields [1], and slot the anode side of the unit onto the anode current collector, with the Teflon gaskets positioned with the anode stainless steel end plate on top [2].

2.6.1. Cathode side of cell unit being slotted onto collector, with notches aligned properly
2.6.2. Anode side of cell unit being slotted onto collector, with gaskets aligned properly
 
2.7. Place the insulating sleeves, O-ring, and bolts in the holes of the anode end plates [1] and place the nuts on the bolts on the cathode side of the unit [2].

2.7.1. Sleeves and/or O-ring and/or bolt being placed
2.7.2. Nut(s) being placed onto bolt(s)

2.8. Then use a torque-wrench to tighten the bolts crosswise until the recommended torque value of 5 Newton meters is reached [1], increasing the torque by 1 Newton meter per crosswise cycle [2].

2.8.1. Bolt being tightened
2.8.2. Torque being increased

3. Fuel Cell Integration 

3.1. [bookmark: _Hlk13558358]For integration of the fuel cell with the periphery, place the fuel cell unit in a heating box [1] and connect the inlets and outlets to the periphery [2-TXT].

3.1.1. WIDE: Talent placing cell into box Videographer: Important step
3.1.2. Talent connecting inlet(s) and/or outlet(s) Videographer: Important step TEXT: Check for leaks w/ snoop liquid 

3.2. Insert the thermocouple into the cathode end plate [1] and interface the fuel cell with the potentiostat 2 electrode-configuration [2].

3.2.1. Thermocouple being inserted Videographer: Important step
3.2.2. Cell being interface/2 electrode-configuration being selected Videographer: Important step
[bookmark: _Hlk13558605]
3.3. [bookmark: _Hlk13558622]Start the software used to control the cell periphery [1] and select the values of the anode and cathode inlet gas flow rates [2].

3.3.1. Talent starting software, with monitor visible in frame
3.3.2. SCREEN: 3.4.: 00:00-00:10

3.4. Open the valves [1] … and select the temperature of the inlet gases [2].

3.4.1. Talent opening valve(s) Videographer: Important step
3.4.2. Temperature(s) being selected Videographer: Important step

3.5. [bookmark: _Hlk13558661]Turn on the heating tapes [1] and wait until the set point temperature is reached [2].

3.5.1. Tape(s) being turned on
3.5.2. Shot of temperature read out at set point

3.6. [bookmark: _Hlk13558730]Set the temperatures of the thermostats to define the desired dew point temperature of the inlet gases [1] and turn on the thermostats [2].

3.6.1. Talent setting thermostat(s)
3.6.2. Thermostat(s) being turned on

3.7. Set the chosen temperature of the fuel cell on the control panel of the heating box [1] and turn the heating on [2].

3.7.1. Talent setting temperature Videographer: Important step
3.7.2. Heating being turned on Videographer: Important step
[bookmark: _Hlk13558778]
3.8. When the set point temperature of the fuel cell is reached [1], check the humidification state of the inlet gases [2] and check the fuel cell open circuit cell potential [3-TXT].

3.8.1. Shot of temperature read out at set point Videographer: Important step
3.8.2. Humidification being checked/shot of humidification state Videographer: Important step
3.8.3. Talent checking fuel cell open circuit potential/shot of fuel cell open circuit potential vTEXT: Potential should be between 1-1.2 V

4. Concentration-Alternating Frequency Response Analysis (cFRA)

4.1. [bookmark: _Hlk13558826]To perform a concentration-alternating frequency response experiment, push down gently on the plunger of the upper part of a fiber oxygen sensor [1] to remove the sensitive part of the fiber from the protective needle [2] and place the fiber into the center of the tubing at the cell inlet [3].

4.1.1. WIDE: Talent pushing on plunger Videographer: Important step
4.1.2. Fiber being removed from needle Videographer: Important step
4.1.3. Fiber being placed into tubing Videographer: Important step

4.2. [bookmark: _Hlk13558851]Open the sensor software [1] and set the Sampling Interval to 0.15 seconds [2].

4.2.1. Talent opening software, with monitor visible in frame
4.2.2. SCREEN: 6.1.4.: 00:00-00:09

4.3. [bookmark: _Hlk13559331]Open the electrochemistry software to edit the concentration-alternating frequency response analysis procedure and, in the Action section, select New Procedure [1].

4.3.1. [bookmark: _Hlk13559376]SCREEN: 6.2.1.: 00:00-00:09

4.4. In Commands, select the Control icon and insert the icon into the workspace. In Properties, select Mode On Galvanostatic and the Cell On command, placing the command next to the Control icon [1].

4.4.1. SCREEN: 6.2.2.: 00:00-00:22 Video Editor: can speed up

4.5. [bookmark: _Hlk13559403]Add the Linear Sweep Voltammetry Staircase command from the Measurement Cyclic and Linear Sweep Voltammetry. In Properties, set the Start Current to 0.0 amps and the Stop current value to the steady state [1].

4.5.1. SCREEN: 6.2.3.: 00:00-00:13

4.6. Set the Scan Rate to 0.005 amps/second and the Step to 0.01 amps [1].

4.6.1. SCREEN: 6.2.3.: 00:14-00:25

4.7. [bookmark: _Hlk13559440]Insert two Record Signal commands. In Properties, set the Duration to 7200 seconds and the Interval Sampling Time to 0.05 seconds for both commands [1].

4.7.1. SCREEN: 6.2.4.: 00:00-00:17

4.8. Add a Repetition command to set the same step to be repeated 20 times [1-TXT].

4.8.1. SCREEN: 6.2.4.: 00:31-00:45 Video Editor: can speed up TEXT: # repetitions = # signal frequencies to be measured

4.9. [bookmark: _Hlk13559473]Press Play to start the concentration-alternating frequency response program [1].

4.9.1. SCREEN: 6.3.: 00:00-00:10

4.10. In the first set of repetitions, observe the recording window to check if the cell potential reaches the steady state value [1].

4.10.1. SCREEN: 6.3.: 00:10-00:25 Video Editor: please emphasize bottom/graph section

4.11. [bookmark: _Hlk13559527]To ensure a linear response, open the additional oxygen valve [1] and set the mass flow controller to 5% of the value of the total flow rate of the main feed [2].

4.11.1. Talent opening additional oxygen value
4.11.2. SCREEN: 6.5.: 00:00-00:06

4.12. [bookmark: _Hlk13559546]Set the switching time of the valve to an initial value of 0.5 seconds and click Start [1].

4.12.1. SCREEN: 6.5.: 00:08-00:22

4.13. [bookmark: _Hlk13559560]Then wait until the cell potential achieves a periodic steady state in the monitoring window before clicking Next [1].

4.13.1. SCREEN: 6.6.: 00:00-00:10
4.14. Antonio Sorrentino: Sampling the cell potential under quasi-steady state conditions is necessary for obtaining artefact-free spectra, as the drift of the signal could lead to misleading conclusions [1].

4.14.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

4.15. [bookmark: _Hlk13559602]Register the periodic steady state signal in the new recording window for 60 seconds and click Next again [1].

4.15.1. SCREEN: 6.7: 00:24-00:34

4.16. [bookmark: _Hlk13559662]At the same time, register the periodic oxygen input and click Start in the sensor software. Enter a name that recalls the frequency input and click OK [1].

4.16.1. SCREEN: 6.8._t1: 00:00-00:10

4.17. Then register the signal for 60 seconds and click Stop [1].

4.17.1. SCREEN: 6.8._t2: 00:00-00:10

4.18. [bookmark: _Hlk13559883]After allowing the cell potential to return to a period steady state, measure the periodic input-output correlations for a frequency range from 8-1000 microhertz, while acquiring 8 frequency points per decade [1].

4.18.1. SCREEN: 6.9._t2: 00:00-00:09

5. cFRA Data Analysis

5.1. [bookmark: _Hlk13559992]To analyze the concentration-alternating frequency response data, open the Matlab scripts FFT_input.mat and FFT_output.mat [1] and, in the Address Folder, insert the specifications of the location of the folder in which the measured oxygen pressure and current data files are stored [2].

5.1.1. WIDE: Talent opening script(s), with monitor visible in frame
5.1.2. SCREEN: 7.2.: 00:08-00:18

5.2. [bookmark: _Hlk13560121]Run the FFT_PO2.mat and FFT_Pot.mat scripts and check the plotted diagrams to determine whether the computed algorithm is working properly [1].

5.2.1. SCREEN: 7.3.: 00:02-00:24 Video Editor: can speed up

5.3. [bookmark: _Hlk13560145]Then open and run the Matlab script cFRA_spectra.mat. The magnitude, phase angle, and Nyquist spectra of the concentration-alternating frequency response analysis transfer function under galvanostatic conditions will be plotted [1].

5.3.1. SCREEN: 7.4.: 00:00-00:15



Section – Results
6. Results: Representative Cell Potential Outputs and Analyses 

6.1. In this representative analysis, the electrochemical impedance spectroscopy magnitude [1] and phase Bode plot spectra were first measured at three different steady state current densities under galvanostatic control [2].

6.1.1. LAB MEDIA Figure 2: JoVE Video Editor please emphasize Figure 2A
6.1.2. LAB MEDIA Figure 2: JoVE Video Editor please emphasize Figure 2B

6.2. Here exemplary periodic oxygen pressure inputs at two different frequencies and their Fourier transforms can be observed [1].

6.2.1. LAB MEDIA: Figure 3

6.3. The magnitudes of the harmonics were normalized with respect to the fundamental harmonic [1] and the pressure input at a 49 microhertz frequency was characterized by a sinusoidal shape [2].

6.3.1. LAB MEDIA Figure 3: JoVE Video Editor please emphasize Figure 3B
6.3.2. LAB MEDIA Figure 3: JoVE Video Editor please emphasize Figure 3A

6.4. The pressure input at a lower frequency resembled a periodic square wave shape [1] and the related normalized Fourier transform perfectly reflected that of a square wave signal, presenting descending harmonic components at multiple odd integer frequencies with respect to the fundamental one [2].

6.4.1. LAB MEDIA Figure 3: JoVE Video Editor please emphasize Figure 3C
6.4.2. LAB MEDIA Figure 3: JoVE Video Editor please emphasize Figure 3D

6.5. The cell potential responses presented identical features [1].

6.5.1. LAB MEDIA: Figure 4

6.6. Note that incorrect signal sampling can lead to spectral leakage [1], as characterized by a more expressed noise bandwidth at fundamental frequencies and a lower magnitude of the first harmonic [2]. 

6.6.1. LAB MEDIA: Figure 5
6.6.2. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize Figure 5A

6.7. In addition, the magnitude of the improperly processed signal is approximately 90% of the properly processed signal [1].

6.7.1. LAB MEDIA Figure 5: JoVE Video Editor please emphasize Figure 5B

Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Antonio Sorrentino: To avoid undesired contributions to the evaluated spectra, the cell potential must be measured under quasi-steady state conditions. Moreover, a sufficient number of periods must be sampled in order to increase signal to noise ratio. [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 4.10., 4.13.)
7.2. [bookmark: _GoBack]Vidakovic-Koch: In addition to diagnostics, the operation of electrochemical fuel cells and reactors under periodic conditions introduces the possibility of impacting the energy conversion efficiency and the product selectivity of electrochemical processes [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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